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REPORT No. 171

ENGINE PERFORMANCE AND THE DETERMINATION OF ABSOLUTE
CEILING.

By Warter S. DigmL.

SUMMARY.

This report was prepared at the request of the National Advisory Committee for Aero-
nautics and contains a brief study of the variation of engine power with temperature and
pressure. It is shown that for the conventional engines

P\
BHPoc(Pt))
when temperature and R. P. M. are held constant, and that

BHP«( %)4'%

when pressure and R. P. M. are held constant. Combining these in the standard atmosphere
(N. A. C. A. Report No. 147 and Technical Note No. 99) gives

1.058
BHPoc(P
for constant R. P. M.
The variation of R. P. M. with altitude is then found from the flight tests reports of the
U. 8. Army Air Service to be
010
Voc(
Po

for the usual case, or constant in certain special cases where the engine is provided with ade-
quate throttle control. These relations are sufficient to determine the variation of BHP In
standard atmosphere.

The variation of propeller efficiency in standard atmosphere is obtained from the general
efficiency curve which is developed in N. A. C. A. Report No. 168. The variation of both power
available and power required are then determined and curves plotted, so that the absolute
ceiling may be read directly for any known sea-level value of the ratio of power available to
power required. "

. INTRODUCTION.

Standard nomenclature will be used in this report whenever practicable, but in order to
avold confusion the symbol AP will be used for poswer. The subscripts ““a” and “‘r” Wﬂl be
used to denote power available, HP,;, and power required, HP,. 2 second subscrlpt ‘o7 will
be used to denote sea-level COHdltIOHb, thus, HP,, and HP,,. These symbols are cumbersome,
but they prevent ambiguity.

Obrviously, the rate of climb of an airplane depends upon the excess power; that is, the
difference between HP, and HP,. Consequently the absolute ceiling, or the altitude at which
HP, is equal to HP, for only one speed, depends on the factors HP,,, HP,,, and their variation
with altitude y. HP,, and HP,, may be obtained from a single performance caleulation. The
variation of HP, with altitude is known from the relation between p and y, since the velocitv
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for any given altitude in horizontal flight is proportional to \/ Z % The drag is proportional to

p and therefore HP, is proportional to the velocity, or to
P

There remains to be determined only the variation of HP, with y. This factor must be
subdivided into the variations of BHP and propeller efficiency 5 with 7. It has frequently

been assumed that BHP varied as <Z—) or as <%> There is considerable theoretical justifi-
a e/s
cation for each of these assumptions, although neither is entirely satisfactory in practice. The
assumptions that BHP varies either as <§>‘-‘° or as (%)‘-“* have also been used extensively.
(73 [+3

These assumptions are based on test data either from the altitude chamber or from flights at
various altitudes and therefore represent a fair approximation to the true conditions. It will
be shown, however, that both temperature and pressure must be considered in order to obtain
accurate results. That is, strictly speaking, the BHP of an engine does not depend on the
density of the air supply. This has been explained in Br. A. C. A., R. & M. No. 462, and else-
- where as a result of the temperature rise which takes place between the time the charge passes
through the carbureter and the time of closing of the inlet valve. This time is small but finite,
and owing to the high temperature of the valves, passages, and cylinder walls a considerable
heat transfer must occur. The density of the charge therefore depends more upon the pressure
than upon the temperature of the air supply.

The variation of propeller efficiency with altitude is not simple. The common assumption
of constant efficiency is not justified by available performance data. In general, the air speed

increases and the R. P. M. decreases with altitude in a climb. The effect ig to increase Téﬁ and

the efficiency. The magnitude of this increase may be calculated by the aid of the general
efficiency curve developed in N. A. C. A. Report No. 168.

VARIATION OF BHP WITH p.

The variation of BHP when the air temperature is held constant and the pressure varied is
not well known. Occasional reference will be found to the relation

BHP«C%YM"_”‘n_”-“_“-"_“_"_“_"_U)

based on altitude chamber, or free flight tests, in which the air temperature is varied also. The
true relation must be found from accurate test data which, fortunately, are available in ample
quantity to give a definite conclusion.

Table I contains actual test data selected at random from the indicated references. The
values of BHP from this table are plotted logarithmically against pressures in Fig. 1. The con-
stant slope of the lines of this figure, each of which represents a test at constant R. P. M. and
air temperature, shows that

BHPx(p)HS e ®

over the range of pressures used in service. This relation is very important since it apparently
holds true for any reasonable air temperature and R. P. M.

. VARIATION OF BHP WITH T.

The variation of BHP with the absolute temperature of the air supply when the R. P. M.
and air pressure are constant is not generally known except-to those who specialize in aircraft

engine research. Assuming the BHP to vary as < ) would be equivalent to assuming BHP to

vary as ( T)’ 1. e., inversely as the absolute temperature. The HP of an internal combustion
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engine depends directly on the weight of the charge in the eylinders, but this weight is not pro-
portional to the air density as has been shown before. There is a continuous transfer of heat
from the manifold and cylinder walls to the charge so that the temperature of the charge in the
cylinder at the time of closing the intake valve tends toward constancy. While the effect of
this factor can not be calculated it may be obtained from test data.

Representative test data selected at random from sources as indicated, are given in Table IT.
The values of BHP from this table are ploited logarithmically against absolute temperature
in Fig. 2. Each line in this figure represents a series of tests at constant R. P. M. and air pressure
The uniform slope shows that

T -0.50
BHAP« —) e @®
T, .
over the range of temperatures likely to be encountered in service.
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It is found that there is a slight variation in the exponent in equation (3) for different
engines. This variation is small and ordinarily the exponent is between —0.48 and —0.55.
Part of the variation is undoubtedly due to experimental error and the small number of points
used in defining the slope as in the case of line C, Fig. 2, which is included to show the extreme
case so far noted in this study. Some variation with manifold design is to be expected, but
this factor appears to be negligible in practice.

VARIATION OF BHP WITH ALTITUDE g.

In the Standard Atmospbhere the relations between p, T, p and vy are fixed. The variation
of BHP in standard atmosphere may therefore be obtained from equations 2 and 8, just derived.
Referring to N. 4. C. A. Technical Note No. 99,
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substituting (5) in (3) and combining with (2) gives

Therefore

BHP«(p)M e ®

If desired BHP may be obtained in terms of 7 by the use of

(Z%)=(1.0—0.000(706878y)5-255- U ¢ o

Equation (6) gives the decrease in BHP with altitudes (as determined by ( ) This is for

constant R. P. M. Unless the englne be equipped with altitude throttle control there will be a
gradual decrease in N with increase in y. This decrease shows a remarkable uniformity yet it
appears to have been overlooked by previous investigators. That is, the loss in power has been
lumped into a single function with no attempt to separate the component factors.

Table III contains observed values of N in climbs at various altitudes for & number of repre-
sentative airplanes and engines. These data are taken from the United States Army Air Service
information circulars as indicated. The engines in the airplanes listed in columns (A) to (G)
inclusive have elther no altitude control or else only a manual control on the throttle. Values

P . ————— —

of N from these columns are plotted logarithmically ammst( )

in Fig. 3. It is found that the slope of the lines is substantially
constant with a slope of about 1 in 10, thus giving

.
g

o WL I/& W& _" 0.10

Fig. 3. —Variation of ¥ with air pressure.

Since the engine is operating under a ‘‘propeller load” the BHP will vary as N°. Conse-
quently there will be a loss in power due to drop in ¥, given by

p .30
BAP<(E) W@
Po -
This is in addition to the loss in power given by (6) so that the total loss in power is given by
BAP«(E Y .40
Po

When adequate altitude throttle control is provided, the value of N does not decrease
appreciably at high altitudes. This is shown conclusively by the data in columns (I1) and (I).
For this case the total loss in power is given by (6).

- VARIATION OF PROPELLER EFFICIENCY WITH ALTITUDE y.

The variation of propeller efficiency with altitude is complex but capable of a certain gener-
alization. An approximation often used is that given in Br. A. C. A., R. and M. No. 324, which
assumes that » may be expressed in terms of the air density. The method there employed is

open to considerable error, however, and frequently gives results which are wholly unreliable.
- T o
An original method based on a reasonable and proved variation in wp Will be used in this study.

It has the disadvantage of complexity but the results obtained are well worth the effort. In
order that the method may be made clear, the derivation will be given in full.
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In the first place, nis a function of (—NT]%) The nature of this function is the same for all
conventional propellers. In N. A. C. A. Report No. 168, it is shown that there is a general
efficiency curve applying to all propellers. In thiscurve, ;— is plotted against ( VD) / ( ND)

the subscript m referring to the maximum efficiency and its corresponding <WZ—7) - Anyvariation

in (NITD) must therefore produce a definite proportional variation in 5. D is fixed so that we

are concerned only with variations in ¥ and N. The variation of N has been shown to be

«(g)@)

only the variation of Vis yet to be determined.

In most cases it will be found that there is a decrease in indicated air speed as the altitude
increases during a climb. This is due to the relation between HP, and HP, changing so that
the maximum excess horsepower occurs at a larger angle of attack as the density decreases.
However, at the ceiling the airplane must always fly at that angle of attack at which the ratio

HP,,/|HP,, is greatest, and the air speed at this angle of attack will vary as \/ p—p" - That is

V= V,,\ "; T ¢ § )

where ¥, and T are the true air speeds at sea level and altitude y, respectively. The variation
of (%) with altitude is fully determined by equations (8} and (11) for the usual case, or by
equation (11) alone when ¥ is constant.

The next step is to determine the initial value of (N%) This may be obtained from free
flight tests. Table IV contains data taken from the U. S. Army Air Service Information Cir-
culars as indicated. It is found that for all practical purposes the initial (%) in chHmb is 66

per cent of the (VD) at high speed. It has been explained that the initial air speed in climb is

somewhat higher than that correspondmg to the angle of attack which obtains at the absolute
ceiling. The average change in both 7 and A has the effect of reducing the figure just given in

the order of 10 per cent so that the initial (K;D) at the angle of attack which obtains at the

absolute ceiling may be written as

(95),= 00 (45), om0

Assuming that the propeller efficiency is a maximum at high speed, the probable value of 7 for

Ta

0.10
a series of altitudes have been caleulated in Table V for the case where iV « (5—) ’ , and in Table
a
VI for the case where N is constant. The procedure is straight forward and partially explained

'
by the column headings. Obviously )(A )IS the ratio (VD) / < D), n’;is the efficiency

ratio corresponding to the ratio ( ND) / < ND) from the efficiency curve givenin N. A. C. A.
Report No. 168.
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THE CALCULATION OF ABSOLUTE CEILING.

! ea0
CASE T~Nee( 1)

The calculation of absolute ceiling is obviously a determination of the altitude (pressure or
density) at which HP, is equal to HP, at only one speed. This condition must occur at the
angle of attack at which the ratio HP,,/HP,, is greatest. The maximum value of this ratio is
therefore 2 measure of the absolute ceiling.

Since HP, at any given angle of attack is directly proportional to the true velocity

HP,  |m
HP,, Vop Presnremseeas e 1)

The increase in propeller efficiency partially counteracts the decrease in HP, given by equation

(10) so that the net HP,is given by
HPa g 1.355

where ﬂ_’? is to be taken from Table V for each value of <p£ )
] [73

Dividing (14) into (13) gives —
HP,\/HP, r
H‘Pro> HPG)=f(y)"'""“"“-'-uwx‘m.-___ (lo)

Py,

since HP, = HP, at the absolute ceiling; the value of %’P corresponding to any value of the
7o

absolute ceiling may be determined by solving for f(y) in equation (15). This has been done
in Table VII, where the headings to the columns should be self explanatory. The values of
HP,,/HP,, so obtained are plotted against y in Fig.4. The absolute ceiling of any airplane
equipped with the conventional engines and carburettors may be read from the curve when

HP,,/HP,, is known.
CASE IL.—WHEN NS CONSTANT,

In this case the procedure is similar to that just outlined except in calculating HP,, which is

now obtained from equation (6) together with the values of g from Table VI.
Q
That is

HPG— ,p 1.055 7

Calculations for the values of HP,,/HP,, corresponding to the usual values of y are made in
Table VIII. These values are plotted in Fig. 5, which is to be used in place of Fig. 4, when the
engine is equipped with adequate altitude throttle control. Whether or not the control is
adequate must be determined by the criterion of constancy in N.

CONCLUSION,.

There is only one doubtful factor in the calculation of absolute ceiling, the variation of
N with altitude. In a surprisingly large number of cases, equation (8) holds true; a few cases
have been noted where N was substantially constant from sea level to the highest altitude
attained, and it is to be expected that in some cases the variation will lie between these limits.
In the absence of accurate data on the performance of a particular engine Case I corresponding
to equation (8), should be used.
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The rate of climb of an airplane and its variation with altitude should be made the object
of a separate study, but it is to be noted at this time that the assumption of a uniform de-
crease in climb from a maximum at sea level to zero at the absolute ceiling implies a uniform
decrease in excess power. This assumption, while not necessarily true, according to the
values of HP, and HP, from Tables VII and VIII, appears to be justified by the results of
iree flight tests. An explanation may be found in the change of angle of attack, previously
mentioned. . That is, the excess power used in climb is not the difference between the HP,
and the HP, used in calculating the absolute ceiling, but in general it is somewhat greater.
This follows from the fact that the relation between the L/D of the airplane and its speed is

32000 o sz000 L
v
FB000 28000 //
<] A
v L/

24000 v 24000 A
*63 A . /
L // 3
20000 7 20000 %
N N
§ / § /
& sooo 'g 18000 7
3 3 /
?) 12000 g 12000 /
Q
N / N /

8000— 8000
/ /
4000 / 4000 //
a -
[{4] 20 20 40 [7?530 &0 70 a0 20 240 39 40 5.0 &80 za
Ratia [ﬁs Raho 51%’
Fi. £—Absolute ceiling as determined by ;g,’:f F16. 5.—Absolute ceiling as determined by _ggﬂﬂ.
CasE I: Noc(l’_)"“' CasE II: ¥ constant. *
e

such that HP, is increasing slowly over a considerable range of speed while the HP, is in-
creasing rapidly—in comparison. The maximum value of HP.,/HP,, will occur near the
minimum value of HP,, but the maximum excess power will occur at some higher speed.

It should be noted that equations (2), (3), (8), etc., may be used in reducing observed per-
formance to standard atmosphere conditions. The air forces on the airplane may be assumed
to vary directly as the air density and proper corrections made for the true power delivered
by the engine.
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TABLE I.
Variation in brake horsepower with air pressure.

{R. P. 3. and air temperature constant for each test.}

A ’ B. C. - D. E.
Press Press : Press. _ Press. i Press.
2 |zmr ;i BHP %’- BHP L izmp Z | sap
» ‘ 7 ° P ° : b3 ¢ | b4 ¢
61,110,804 | 133.8 | 62.1]0.817 | 140.4 | 60.6 | 0.797 | 142.0 | 24,70 | 0.826 ‘ 41.20 ;1 23.08 | 0.772 | 42.0Q
48,2 | .634]103.3 | 40.8] .655]110.8| 49.7] .654¢ | 115.2 | 22,78 | .76 | 38.15 | 21,64 | .723 | 33.05 :
35.5| .467| 7LO| 37.6| .495| 80.4| 37.6 7 .485 3L8 19.31 1 .645 1 31,22} 19,03 | .635 | 32.60 -
277 .364| 32.41 256 .337 | 50.6| 25.7| .338; 53.3 [ 16.986, .567 {27.30 | 16.78 | .560 | 28.07
14,56 | .456 | 22,66 | 13.60 | .45¢ | 28,92
11,56 | .38 | 16.84 [ 11,38 | .380 | 18.3§
Sources: Data in columns A, B, and C are taken from Tables I-III, A.C. A. Report No. 45, Part 1. Data in columns D and E are from

Tables I and 11, Br. A.C. A & Internal Combustion Engine Subcommittet Report No. 44,
TABLE II.

Variation in brake horsepower with air temperature.

[R. P. M.and air pressure constant for each test.]

. - T 1 e
A, B. C. | J..D. E. T.
T vy 7 o | T ! T T o
Ll BHP bYs] BHP o g BHP ¢ l BHP Ors; BHP o f BHP ~ )
255.0 91.3 | 257.2 57.6 | 2614 $3.3 | 2683 Il 68.4 | 2575 | 202.4 | 2752 I 17.3
270. 4 83.3 273.0 | " 55.8 274.0 20.8 273.6 | 66.3 268.5 201.2 287.0 | 16.7
i 203.8 85.1 9. 2 54.1 287.7 78.5 280.6 614 279.1 197. 4 200.9 . 16,3
! e 290.3 194.4 313.0 | 18.1
- 299.0 190.8 | 38.0 ! 153
[ 311.6 186.0 333.0 t 15.5
325. 4 18L.8 leveenenecdiniacniies
| H= 18,200 feet. H=29,750feet. H=19,250 feet.. H= 23,170 [eet H=1,950 feet. H=500£eet
Sources “ " follows: (A) N. A. C. A, Report No. 45, Part I1I, Table II. (B) N. C. Al Regqort No. 45, Part III&Tahle II, (C)
N.A.C A. £5, Part I1I, Table IIX. (D) N. A.C. Al Report No. 45, Part 1T, ’l‘able bing (E)'N. A.C. A. Report No. 45, Part 111,
Table VI. ¢.a I.CE. 8. C, Report No. 19, Table I.
(A) to (&) inclasive are for Hlspane»sza 8-cylinder engine.
(F)isfor RAF 4T D engine (single cylinder).
TABLE IIIL
- Variation of R. P. M. with altitude in climb.
T . T N A ) )
H. % L A B. c. ; D. E. . G. H. I.
R Thomas I ) ;
i ! Fokker Roland | 4 7T ! Fokker | Fokker | Junker Spad
| Feet., Pe DVIL | e |Dvis.| PR -F*:Dm, DVIL | DVIL | Tis | 1.
I N -
e —ge— , -
0 ! 1.000 | 1,355 1,130 1,490 1,730 .0 1,575 1,262 1,680 1,365 2,040
6,500 © .78 | 1,50 | 1,125 Lizs | 5,705 | 1,580 1,250 1,645 1,365 | 2,040
10,000 | .688 | 1,52 1,110 1,480 | 1,600 1,540 1,238 | 3,625 1,365 2,040
15,000 [ .561 | 1,470 1,055 1,430 | 1,635 ! 1,500 1,210 1,595 1,350 2,030
20,000 E . 439 |> ................ (1, 39.:) f 1,160 1 1515 T PO 2,010
| R . 7
) I e T ' packard ' . ’
ety | Lo | mens, PR piveny. | 0% Tagd - mw. g
| I S i ! : -
1 ! N ;
BHP ............. 215 80 l 300 400 110 350 242 220
................. 0.09 0.104 0095 : 0.09 0.09 0.104 . [ 00 L1 A P
Retetence: A5, i | I - | |
I. C. Nowauennnn 71 l 169 132 | 155 287 l 288 | 310 t 173 ; 256 - -
. 1 _ - -
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TABLE IV. _

r

3% in climb—Initial value.

H
High speed. Climb. !
Prop. :
Afrpla ¢ %fjer — s 1 E‘%ﬁ.
ne. egs). i .
RPM. | 5 RPM. | 5 7 AS.LC
> - . D - D . No.
¥ o s = 5
—
b
USXBIA............ 9.17 124.0 1,730 :  0.657 72.0 1,520 0.456 0.663 37
Thomas Morse MB-3.; 813 152.0 1,835 .895 8LG | L5895 .55 613 10
Loening monoplane. . 8.67 143.5 1,900 ! .766 8.0 . 1,630 .518 675 50
Ordnance D......... 8.5 147.0 1,85 | .87 72.0 | 1,585 70 . 582 51
Fokker D-VII....._. 8.5 120.0 1,750 ©  .710 7.0 | 1,55 473 .665 71 ¢
Thomas Marse 5-6.... 8.2 g7.0 1,260 | .825 58.0 1,130 .53t -668 g
Roland D VIB....... 9.3¢ 114.0 L610 | .662 72.0 1,490 453 683 132 !
JunkersJL-6..3...... 9.51 1.2 L5 .712 66.0 | 1,365 A4S .630 173 |
Sperry Messenger. ... 6.5 86.7 1,830 . 607 60.0 : 1,640 436 L7112 280
SPAATI8. cernarsennnn 8.18 13L.5 2,300 615 8.0 | 2040 412 670 256 | -
OrencoDo....cevunnn &5 139.5 1,810 i 80.0 | 1,520 546 685 306
Fokker D-VI....... 8.67 151.0 1,975 ST 8.0 | 1,630 84 624 310
Average........ 'I .............................. E .......... E .......... { ,,,,,,,,,,,,,,,,,,,, 636 o
TABLE V.
Variation of propeller efficiency with altitude.
- , 4.1¢
asE 1—( o 2)").
CASE p\,
T ' ’ 1 ] 1
a osphere. Teloct E i
wio | (2) (D) 1()
Altitude —————— 7} ¥ ¥/ AT, L ¥D/ | x 1
{feet). ; , i (p_ )“‘i (1) ( TN = 7o
ya 2 T CAF/ \FD /=
Pa y23 (-\E : } i
' P
—
0 | 10000 | 1.0000 | 30000 | 10006 , LCOOO @ 0.600 0.825 1.000
2,000 L9208 L9498 | 1.0299 | 1.007 Lot ! 622 .843 1022
. 4,000 8637 L8881 | 1.061L | 1.0I5 1.0770 646 851 Lot
. 6,000 .2013 8355 | 10938 | 1.022 L1179 671 .87 1.065
;8000 L7428 L7860 | L1218 | 1.030 L1617 | BT .87 LOST |
10,000 L6877 .73t | 11640 | 1038 1.2082 ! 725 914 1108 |
12,000 .635 6931 | L2011 | 1046 12364 JiEt 930 L1277 !
14,000 L5874 .65 L2404 | 1055 | 1306 ; .73 , .¥M45 © L1453
16,000 5409 6080 | 12815 | 1063 ; L3622 | .87 | 960 , L1164 ,
18,000 4903 -390 | L3 G LO;2 | L0 | .82 .973 1.17% |
20,000 L4505 .5328 | L.370f | LOSL - 14811 .89 . .68 114
i 22,000 L4222 g7 Lar | Lew | La | ez 1 lgw 1204 !
{24,000 L3575 L4841 1467 1oes | Lei32 | 988 | 998 | 1210
i 26,000 .3551 4324 15207 | 110 | L6%5 | 1.012 | 1000 | 1212
1928, 000 .3219 L4024 | L53 | L1190 17639 | L0388 | oot 1205 |
i 30, 000 L2069 .87l I 16348 | 1129 E LT | L107 | .8 LIS i
i i 3
TABLE VI.
Variation of propeller efficiency with altitude.
CASE II.— N CONSTANT.
! (%) i
Attitude | ¥ AND ] a2 X
o (feet). | V. (V) 7= 7o
‘ ! —
o E ND /=
6 10000 0.600 0.825 i
2,000 ; L0299 .618 L840 1.018
£000 | L0l 637 855 1.036
6,000 | 109383 .66 869 1.055
8,000 1.1279 677 882 1.072
Lo | 116w ~693 '3 | 108
L2000 | 12011 721 L9l L1
L4000 L2404 LT .925 1.121
1,6000 1.2815 . 769 .38 1.137
1,800 | 13247 795 .950 1.152
20,000 | 13701 . .62 1. 166
22,000 | L Al77 .851 .93 1.179
24,006 1. 4679 .88L .982 . 1190
25,000 | 1.5207 .912 .90 L200
28,000 { 1. 5763 . 206 | Lo207
30,000 | 16348 .08t 999 E 1211
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TABLE VII.

a

Caleulation of absolute ceil»ing—gI;

ra

CASEL—Noo (3)‘““
Po

2 8 9.

! ! ’
3 4 5 6

1 2 7 8
i .
- H BHP&)‘ 2 HP‘a, HP; HPag
Altitude ( P ) BifPac 70 e HPso HPro TP
y fect. Po P\ LA from I HP, fo 68} X(T
(p—a) Table V. | BXM & BXM
0 1. 0000 1. 0000 1,000 t 1,000 1. 0000 L 0000 1. 0000
2,000 L9298 9061 1022 | .9260 10799 1.0299 11122
4,000 - 8637 L8199 Lo#d | .8360 1.1682 1.0611 1. 2396
6, 000 L8013 L7407 1.065 | L7888 12677 1.0038 13806
&, 060 L7428 84 L1087 . .7266 1.3763 1.1279 1.5523
10, 000 L6877 L6021 1,108 L6671 1.4990 1. 1640 17448
12, 000 .6359 L5415 Ly | L6108 1.63%5 12011 1. 9630
14, 000 L5874 . 4863 L85 | 5568 1.7960 1.2404 2,9278
16, 000 L5409 L4349 1164 | L5062 1.9755 1.2815 2, 5316
18, 000 L4903 L3902 LIT9 | 4600 2.1739 1.3247 2, 8708
20, 00¢ L4503 3487 L1 | 4163 2, 4021 1.3701 3.2011
22,000 L4222 3109 1204 L3743 2.6717 1.4177 3.7877
24,000 . 3875 2768 1210 , .339 2.9860 1. 4679 4,3831
26, 000 .3551 L2459 L2z | 2990 3.3557 1.5207 5. 1030
28, 000 .3249 L2180 1205 | L2637 . 1.5763 6. 0003
i 30, 000 .2969 L1929 1,185 l 4.3745 1.6348 7. 1514
TABLE VIII.
. e HP .
Caleulation of absolute eeiling= v8. Y.
. HP,,
CASE II.— ¥ CONSTANT.
1 | N A o
1 2 ! 3 : 4 f 3 6 | 7 38 f
1 i i
1f BHPa \! ,, ;o i HP, :
Altitude P BHPM) - HPs HPao P HPao
| ¥ Reet. Do p \LIE T el HPgq HPq . HPro
1 Do Table v. | (IXH - & ®XM |
| . 1
! - - |
1 0 1.0000 1.0000 1. 0000 1. 0000 1. 0000 10000 1.0000
L2000 .9298 .9261 1.018 . 9428 1.0607 1.0299 10924 |
I 4000 L8637 . 856 1.036 L8875 1.1268 10611 11956
§, 000 L8013 7916 1,055 . 8351 1,1975 | . 1.0938 13098
8, 000 L7428 7367 1.072 L7833 1.2766  1.1279 1.4399 |
10, 000 L6877 6737 1.088 L7330 1,363 | 11640 15880
. 12,000 L6350 L6203 1.104 . 6848 104603 12011 1.7540
14,000 5874 L5705 1121 L6305 1.5637 L2404 1.9396.
| . 18,000 L5104 5 1,137 5945 1.6821 1.2815 2.1556
18, 000 . 4903 . 4806 1,152 L5537 1.8060 13247 2.3924
| 20,000 L4595 L4403 1,166 ; .5134 1.9478 1.3701 2.6687
22,000 L4222 L4026 LIT9 4747 2.1066 14177 2.0865
© 24,000 L3875 .3678 1160 .43 2, 2847 1.4679 3.3537
26, 000 L3551 .3354 L2000 | .4025 2.4845 | 15207 3.7782
28, 600 .3240 3054 1,207 L3686 27130 | L5763 4,2765
30,000 . 2069 Wi L2l | 3363 | 2.9735 | 1.6348 4.8611




